A Discussion of Factors Involved in the Formation of Slab
Avalanches and an Analysis of Avalanche Risk in
The Sierra Nevada Mountains Using GIS.

A Senior Project Presented To:
The Faculty of the Natural Resources Management and Environmental Sciences Department
California Polytechnic State University, San Luis Obispo

In Partial Fulfillment
Of the requirements for the Degree
Earth Science; Bachelor of Science

By
Kevin C. Howen
June, 2012

APPROVAL PAGE

Title:

A Discussion of Factors Involved in the Formation of Slab Avalanches and
an Analysis of Avalanche Risk in the Sierra Nevada Mountains using GIS.

Authors:

Kevin C. Howen

Date Submitted:

June, 2012

Dr. William Preston
Senior Project Advisor

Dr. William Preston

Dr. Doug Piirto
Department Chair

Dr. Doug Piirto

Natural Resources Management and Environmental Sciences Department

Table of Contents

Title Page

I

Approval Page

II

Table of Contents

III

Introduction

1

Literature Review

4

Material and Methods

9

Analysis Maps

16

Results and Discussion

23

References

30

Associated CD File‐List

32

Introduction
Geographic Information Systems is a constantly changing and maturing technology that I have
developed a passion for during my time at Cal Poly. With a strong background in computers and
technology, it was only inevitable that I gravitate towards GIS while studying as an Earth Sciences major.
Although San Luis Obispo is located quite far from any snow‐capped peaks, I originate from an area that
lay right at the foothills of California’s majestic Sierra Nevada mountain range, and skiing was a regular
event for my family during the winter and spring months. Using GIS to analyze the mountains for
avalanche hazard areas was a natural fit for me.
As I began to research the variables that are involved in avalanche formation, it became clear
that the study of avalanches is a field that is incredibly complex and spans a wide range of sciences.
Some of the factors that contribute to avalanches include; the slope and aspect of the mountain faces,
the amount of vegetation cover, wind direction and speed, recent and past snow fall, temperature
changes during and after snowfall, terrain irregularities such as gullies, physical properties of snowpack,
long term climate patterns, and many more (McCollister and Birkeland). The question soon arises as to
whether or not GIS can be used to measure all of these factors against each other to accurately
determine areas prone to avalanches. In the article Using Geographic Information Systems for Avalanche
Work published in “The Avalanche Review”, scientists Chris McCollister and Karl Birkeland evaluated the
effectiveness of GIS analysis to predict avalanche locations, and how GIS should be used to aide in the
study of avalanches. McCollister and Birkeland caution that GIS models are only a snapshot of the
conditions in a certain area, and don’t always integrate dynamic factors into the model, factors such as
current temperature and recent snowfall. To demonstrate this fact, McCollister and Birkeland ran a
simple slope analysis of their area of study to find areas prone to avalanche, and compared it against a
database of avalanche occurrences in their area. Their initial results were somewhat positive in that the
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hazard map successfully covered 75% of the avalanche occurrences, but also displayed a very large
amount of area where no avalanches had ever occurred. They concluded that although GIS is a good
starting place, there are many more considerations that need to be made in order to fully understand
where avalanches are likely to occur.
For my senior project, I plan to expand on the methods that McCollister and Birkeland used to
test the effectiveness of GIS analysis of mountain terrain, and add several more physical factors other
than just slope to determine areas of danger. Even though I will not factor in dynamic properties such as
current wind and temperature conditions, it is possible to measure certain static variables that predict
the trends of the dynamic properties over a period of time. One such conclusion is that by measuring
the aspect of a slope, one can determine which parts of the slope will receive more sunlight and wind.
Although this does not account for short time wind and temperature conditions, the assumption is that
a trend of those conditions will occur on each face of each slope, which will uniquely affect the
formation of avalanches on different parts of the mountain.
I have chosen a study area on the border of Eldorado and Humbolt‐Toiyabe National Forests,
just south of Lake Tahoe in California (See Figure 1). This area is monitored by the Sierra Avalanche
Center, and I have gathered several reports of avalanches from their website to use in a comparison
against the areas my analysis will generate as avalanche prone areas. I surmise that by using more
factors than just slope angle, I can increase the accuracy of a GIS analysis of the physical factors that
contribute to avalanche formation. However, it is extremely important to realize that static, physical
factors are only one part in the complex variety of conditions that lead to the formation of an avalanche.
In order to fully understand the nature and risk of avalanches in any given area, it is necessary to
consider additional information from sources such as current weather conditions, temperature
variations over time, snow profiles, the physical structure of the snowpack, and field condition reports.
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Figure 1. Avalanche Analysis Study Area.
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Literature Review
Introduction
As winter recreational activities increase in the beautiful and breathtaking mountain
environments, the need for a better understanding of snow avalanches becomes a necessity. Between
1950 and 1993, 420 people were lost to over 310 snow avalanches just in the United States (Nova,
1997). The majority of avalanches are caused by recreationists, and a major effort has been made by the
scientific community to understand the factors involved in the making of an avalanche, and how to
avoid hazardous areas and triggering future avalanches. Understanding the risk areas of avalanches is
also important for land use and recreational planning. Although the science behind an avalanche
reaches far beyond the scope of this paper, there are several overlying factors such as mountain slope
angle, aspect, and climate that play a major part in the formation of the hazard and the triggering of an
avalanche.
Snow Pack Layers and Types of Avalanches
To understand how an avalanche forms, an understanding of how snow pack develops is
needed. The two major aspects of snowpack are the layered nature of the snow pack, and the crystal
structure of the layered snow. The snow layers themselves are normally formed during storm events,
and their nature depends heavily on the amount, temperature, and density of the snow, as well as the
wind levels during the storm (Birkland, 193). Some of these layers form with a very weak structure, and
given the right conditions, they will break down under excess stress. The breaking down of the weak
layer by above average stress, such as a snow skier or newly fallen snow, is what causes the avalanche. A
more in depth analysis of what causes a layer to be strong or weak will be addressed later in this paper.
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The first type of avalanche, and one that is the least threatening, is a loose‐snow avalanche.
Loose‐snow avalanches start near or at the surface layer, include only a small amount of snow, normally
start at a singular point, and spread down the mountain in a triangular pattern (McClung and Schaerer,
61). Although a great deal of surface snow may be moved during a loose‐snow avalanche, they do not
possess the force and destructive power as a slab avalanche.
A slab avalanche is characterized by the failure of a weak layer of snow beneath a very cohesive
and strong layer of snowpack above (Birkland, 193). In this type of avalanche, the sheer stress produced
by the weight of an overlying stable layer overcomes the sheer strength of the weak layer below to hold
it in place. When the event occurs, a fracture forms in the weak layer below, setting in motion the
avalanche (McClung and Schaerer, 83). The slabs themselves are normally wider than long, with a ratio
of about 2:1 forming a rectangular shape, and because of this, are found mostly on open slope faces
(McClung and Schaere,81). It is possible, however, for slabs to form in narrow spaces such as gullies, and
have a length (down slope) that is greater than its width. A slab avalanche can be triggered by several
different events, such as a newly added layer of snow from a storm, or human activity such as the newly
added weight of a skier or snowmobile (Birkland, 193). Figure 2 below is a graphic representation of the
differences in shape, size, and snow volume of a loose‐snow avalanche and a slab avalanche.

Figure 2. Visual representation of a loose snow avalanche and a slab avalanche.
(McClung and Schaera, 2006).
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Determining Hazards Areas for Avalanche Formation
There are many physical factors that contribute to the conditions that lead to avalanches and
many measurements and field studies that can be performed to help determine what landscape is
avalanche prone. For the purposes of this project, only a few of them will be examined.
Slope
The most prominent factor that contributes to the occurrence of an avalanche is slope. The
measured steepness of a slope can indicate the likelihood of an avalanche without any other factors
being considered. At less than 10% slope, avalanches will never occur. In fact, this is the threshold slope
for when avalanches are expected to slow down and run their course. Between 10o and 25o slope,
avalanches are very unlikely as the sheer stress and sheer deformation is normally not great enough to
cause fracture and failure of a snow layer (McClung and Schaerer, 78). The slope angle at which a slab
avalanche is most likely to start is between 25o and 55o slope. In this range, the sheer stresses placed on
the snow layers increase by up to 200% (McClung and Schaerer, 65). Above 55o loose snow avalanches
are prevalent because of the steep slope, and snow does not sit in place long enough for larger slabs and
deeper snow packs to form.
Temperature
Temperature plays a large part in determining the stability of the snow, as well as in the
formation of the snow pack. When snow is falling and initially forming a snow pack, a warmer
temperature will cause rapid bond formation between the snow particles, strengthening fracture prone
areas and increasing the stability of a weak layer (McClung and Schaerer, 86). Very cold conditions will
cause the snow bond to form slowly, which could reduce the stability of a layer and increase the
likelihood of fracture, which ultimately leads to an avalanche. There is a different relationship between
the snow and temperature after the snow pack has formed. Very cold temperatures will keep a
snowpack solid. When temperatures become warmer, such as at the end of the winter season and as
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spring nears, the integrity of the snow will weaken and fractures are more likely to occur (McClung and
Schaerer, 73). For the purposes of this project, only the effects of temperature during early and mid‐
winter, where north facing slopes are more likely to contain avalanche terrain than south facing slopes,
will be considered.
Slope Aspect
The aspect of a slope is the direction in which it is facing. In the Northern Hemisphere, the south
facing slopes will receive more sunlight than north facing slopes. It can be inferred that with more
sunlight, the temperatures will be higher on average on south facing slopes, and inversely the
temperatures will be lower on North facing slopes. The effects of temperature come into play at this
point, and affect the snow as mentioned above.
A second factor relating to aspect is that of wind slab and wind loading. As wind carries snow up
and over slopes, it will deposit the snow in deep slabs on the leeward side of the slope, most
prominently on upper elevation features such as ridges, peaks, and passes (FSAvalanche). This snow will
form in hard slabs, and if deposited on a softer snow layer, become a prime area for a slab avalanche to
form. Slope curvature is also a factor. Convex slopes promote more stability in the snowpack, whereas
concave slopes provide less (McClung and Schaerer, 103).
Vegetation
Vegetation can either promote instability in the snow pack or strengthen it depending on its size
and quantity. Trees affect the snowpack in several ways. They can regulate the temperature of the snow
through their shade, as well as reduce the amount of snow that reaches the ground (Handbook, 99). If
there are only a few trees across a slope, their impact on avalanche formation will be limited, however,
densely packed trees can increase stability and support a weaker snowpack. To be more specific, conifer
trees can provide support if there are over 500 trees per hectare on gentle slopes, and over 1000 per
hectare on steeper slopes (McClung and Schaerer, 99).
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Shrubs and small bushes can have an opposite effect on a snowpack. Dense shrubs and grasses
provide an uneven base for snowpack formation (McClung and Schaerer, 100). This can lead to a weak
base layer that may not hold heavier and stronger upper layers.
Summary
It is important to understand avalanches and what will cause them so that builders, community
developers, and recreation enthusiasts can avoid danger and damage as much as possible. There are
several types of avalanches, but the most dangerous are the slab avalanches. Slab avalanches are the
fracturing and breaking down of a weak snow layer that is below a well formed upper layer, or the slab.
The entire slab of snow begins to move downhill as the weak layer gives away below it. There are
several factors that contribute to the formation of avalanches, with slope being the most prominent.
Between 25‐50o slope, the stress on the lower layers is the highest, and a fracture in one of the weak
layers is most likely to occur. Temperature can also be a factor, with warmer temperatures resulting in
better bonds as the snow pack forms, and colder temperatures resulting in strong pack integrity once
the snowpack has already been developed.
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Materials and Methods

Study Area
The study area is near Carson Pass in the Tahoe National Forest, located within Alpine County in
the state of California. A high number of avalanche occurrences have been recorded in this area by the
Sierra Avalanche Center of Tahoe National Forest, primarily due to abundant conditions for avalanches
paired with a high volume of recreationalists that visit the area during the winter season. A GIS analysis
of avalanche hazard spots within this area could be performed and then subsequently compared to the
actual locations of previous avalanche occurrences.
Imagery
The aerial imagery used for analysis of this project was obtained from the National Agriculture
Imagery Program (NAIP), a GIS Dataset managed by the USDA’s Farm Service Agency. NAIP imagery
contains 4 bands of light spectrum; red, green, blue, and infrared, and the spatial resolution of 1m
allows for very precise measurement of features within the image. Several of the necessary NAIP images
were acquired from an FTP server hosted by the Cal‐Atlas Geospatial Clearinghouse. Because several
NAIP images were necessary to cover the entire study area, I combined them into one image coverage
for analysis using ArcGIS’s “Mosaic to New Raster” tool. This imagery was ultimately used to eliminate
densely forested areas from the analysis, as well as to provide a backdrop for some of the maps I
created. Because the imagery was captured before the snowfall, it was easy to analyze the ground cover
and vegetation present in the area of analysis.
A second set of imagery I obtained was from the Landsat 5 satellite. I used Earth Explorer
application on the USGS website to search for and download a 7‐band, Landsat 5 satellite image, WRS
Path: 043 and Row: 033 from January 14th, 2011. This imagery was chosen specifically because it
captured the area of interest when the snow cover was greatest.
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Digital Elevation Model
To prepare maps of the slope, aspect, and curvature, a Digital Elevation Model (DEM) was
acquired through a public FTP server hosted by Cal‐Atlas Geospatial Clearinghouse. The DEM is a
product of the National Elevation Dataset (NED), which was created by the United State Geologic
Survey. With an index shapefile provided by the USGS, I was able to find which DEM files I needed for
my project area. Using the “Mosaic to New Raster” tool in ArcGIS, I consolidated the several DEM’s
necessary to cover the project area and was now able to run the necessary analysis on the DEM Raster
image.
Elevation
It was important to consider elevation parameters to ensure that the avalanche areas contained
snow. According to the Sierra Avalanche Center, the snow line varies around 2133 meters above sea
level. Each pixel in the Digital Elevation Model has an elevation value for the location of the pixel itself. I
simply classified all the pixels at or above 2133 meters using ArcGIS and the results showed that my
entire area of study was above the required elevation for snow cover.
Weighting the Factors for Analysis
When analyzing the different factors that contribute to avalanche behavior, I concluded that
some factors were nearly absolute as to whether or not they contributed to an avalanche, and some
factors were only influential to a certain degree. For example, in many of my sources it was consistently
shown that slab avalanches occur almost 99% of the time between 25° and 55° slope. Because of this, I
would completely remove the consideration of any part of the mountain outside of these slope
parameters from the project. However in regards to the characteristic of aspect of a mountain slope, a
scale of magnitude should be used to assess the impact that aspect has on possible avalanche
formation. For each factor below, I have described the methods for which I analyzed each factor, as well
as a table showing the weighted hazard rating for each characteristic of the factor.
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Slope
The slope of the terrain was the first place I started in determining areas where an avalanche
would likely occur. Using the DEM image, I utilized ArcGIS’s “Slope” tool within Spatial Analysis
extension and calculated a slope raster in degrees. I then classified the raster into 3 categories, 0‐25°
slope, 25°‐55° slope, and 55°‐90° slope, shown in Table 1. Because slab avalanches occur nearly
exclusively within slopes of 25° to 55°, I singled out that category from the rest and created a new
polygon feature class that would signify the areas of analysis for the rest of the project. Any area outside
of this feature class would not be factored or considered a suitable area for avalanche formation.
Table 1. Slope characteristics

Slope
Characteristic
0°‐25°
25°‐55°
55°‐90°

Included?
NO
YES
NO

It is necessary to also assign a hazard value to slope ranges as the likelihood of an avalanche
forming will vary depending on the exact slope measurement. Using a graph found in “The Avalanche
Handbook” (Figure 3), I have separated slope into groups of five degrees and assigned a hazard value to
each group, with hazard values ranging from one to ten (Table 2).
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Table 2. Slope characteristics

Figure 3. Graph of number of avalanches
for each slope.

Slope Ranges
Characteristic(°)
25‐30
30‐35
35‐40
40‐45
45‐50
50‐55

Risk Value
1
4
10
4
1
1

Vegetation and Cleanup
A second factor that has a great impact on avalanche formation is that of tree cover. A dense
forest of trees will stabilize a snowpack and significantly reduce the likelihood of avalanche formation.
My initial approach to find and isolate dense tree cover was to run a Normalized Difference Vegetation
Index (NDVI) analysis on the NAIP satellite imagery. This index is produced using the equation
NDVI =

ሺேூோିோௗሻ
ሺேூோାோௗሻ

, and is an indicator of the health of vegetation. The first problem I encountered

with this was the fact that the ground is also covered with dense brush and grass, which could not be
differentiated from the tree cover. However, brush and grass have an opposite effect on avalanche
formation from trees, so without the ability to differentiate the two types of vegetation, I could not
reliably use the NDVI to determine areas which were completely stabilized by dense forest cover.
Before I researched other methods of isolating and identifying only dense tree cover, I examined
the NAIP image with the optimal slope feature class overlay, and found that most of the forest cover
was NOT included within the necessary slope parameters for avalanche formation, so I decided to edit
out the forest areas by hand. This was accomplished by using the Editor Toolbar in ArcGIS and directly
editing the slope feature class to remove areas of dense forest from consideration.
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I also elected to remove non‐essential areas from the analysis such as very small areas with
optimal slope conditions that were separated from larger areas. An example of these areas will be
demonstrated in the Results section. Table 3 shows the types of vegetation included in the area and
whether or not they were removed from consideration of avalanche prone areas.
Table 3. Vegetation Characteristics

Vegetation
Characteristic
Dense Forest
Other Vegetation
Bare Ground

Included?
NO
YES
YES

Aspect
The analysis of the aspect of each mountain face was necessary to calculate lesser or greater risk
of avalanche due to both Wind Slab formation and Sun Exposure (Temperature). Within ArcGIS, I used
the “Aspect” tool within the Spatial Analyst extension to calculate the aspect of the entire study area
from the Digital Elevation Model raster image. I performed this twice for each category: Wind Slab and
Sun Exposure. I then clipped each raster with the slope feature class overlay. Each raster was classified
from 1 to 5, depending on the increased hazard of avalanche due to that factor. Because the wind is
nearly always from the SW in the study area, the WindSlab hazard area will be greater on the NE aspects
(Table 4). Also, because the area is in the northern hemisphere, the north facing slopes will receive less
sunlight, thus having a lower temperature on average, and increasing the risk of avalanche (Table 5).
Below are tables 4 and 5 that show the risk value for each factor.
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Table 4. Windslab Risk Values

Table 5. Sun Exposure Risk Values

Aspect ‐ Windslab
Characteristic
North
NorthEast
East
SouthEast
South
SouthWest
West
NorthWest

Aspect ‐ Sun Exposure / Temp
Characteristic
Risk Value
North
5
NorthEast
4
East
3
SouthEast
2
South
1
SouthWest
2
West
2
NorthWest
4

Risk Value
4
5
4
2
2
1
1
2

Final Comparison Map
Once I compiled and classified the Slope, Wind Slab, and Exposure maps according to their
hazard values, I stacked them all together in ArcGIS and used the Raster Calculator tool to simply add
the pixels together. Each pixel on each raster contained the hazard rating that was assigned from the
characteristic it reflected, so the overlying pixels could be added to show the locations hazard value
once all factors had been taken into account. The scale for the hazard is from 0 to 20, with 0 being the
lowest hazard and 20 being the greatest.
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Record Avalanches
I collected and compiled information relating to four recent avalanches from the Sierra
Avalanche Center website (Figure 6). After running the complete analysis on the area of interest
for avalanche hazard areas, I used the recorded avalanches to compare against the map to see if
they fall within hazard zones. Figure 4 below shows the location of the recorded avalanches and a
table with details regarding each one.

Figure 4. Recorded avalanches and associated data within the project area.

15

Analysis Maps
Slope
The first step was calculating the slope. The following Figure 5 shows in red all the areas
within the study area that are between 25° and 55° slope.

Figure 5. Avalanche Optimal Slope Area, Slope between 25° and 55°
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Vegetation Analysis
The map below demonstrates how I was able to use both 1‐meter NAIP imagery
and 30‐meter Landsat imagery to find and eliminate areas of dense vegetation.

Figure 6. Examples of areas removed due to vegetation shown in NAIP(Top) and Landsat5
(bottom) imagery. Figure was made only for demonstration of areas, not as
comprehensive list.
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Slope Area after Vegetation Analysis
The map below is the revised consideration area (initially based off slope) with the dense
forest vegetation areas removed.

Figure 7. Avalanche optimal slope area with areas that covered dense forest vegetation removed.
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Slope Analysis
Ran a classification to separate slope into categories of 10° and assigned the values listed in
the table in Methods and Materials section.

Figure 8. Slope Hazard Values. Higher value is more hazardous.
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Aspect – Wind Slab Hazard

Figure 9. Windslab Hazard Values. Higher value is more hazardous.
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Aspect – Sun Exposure / Temperature

Figure 10. Exposure Hazard Values. Higher value is more hazardous.
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Final Analysis Map

Figure 11. Final Avalanche Hazard Map. Higher value equates to a higher chance of
avalanche formation.
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Results and Discussion
The Final Avalanche Hazard Map (Figure 11) displays all the areas that meet the physical factor
criteria for possible avalanche formation. When evaluating the results of the final Hazard Map, we can
use the LandSat5 imagery, the NAIP Imagery, and the recorded avalanche locations to compare our
results and reach some conclusions as to how accurate our final analysis was.

LandSat 5 Imagery
The most basic of conditions that must be met for avalanches to occur is the presence of snow
in the area that we are studying. The LandSat5 imagery can be used to analyze whether or not there is
snow in the areas that were deemed an avalanche hazard. In Figure 12 below, it is clearly visible that the
majority of hazard areas are correctly located over snow covered terrain. The avalanche hazard areas
have been set to a very high transparency so that it is easy to see through to the underlying imagery.
A second and very important factor that determines the likelihood of avalanche formation is
that for dense forest cover. Dense tree cover and forestation will stabilize a snowpack and hinder the
formation of slab avalanches. Although the resolution is very low on the LandSat5 imagery, it is very
evident that the hazard area is correctly shown in areas that do not include heavy vegetation.
The 30 meter resolution of the LandSat5 imagery can make it very difficult to examine small
areas of the project in detail. The NAIP imagery will assist in determining the accuracy of the analysis for
other factors such as aspect.
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Figure 12. Final Avalanche Hazard areas Comparison with LandSat5 Imagery
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NAIP Imagery
With the 1‐meter resolution of the NAIP imagery, it is analysis a more specific area to find out if
the hazard area was accurate in its estimations. Figure 13 below shows a “zoomed in” portion of the
project area with the crest of a mountain directly in the middle of the image, the southern aspect at the
bottom of the image, and the northern aspect at the top of the image.
Slope: Recall that the optimal slope range for avalanche occurrence is between 25° and 55°. It is
correctly shown on Figure 13 that the hazard area only covers those slope ranges on either side of the
crest, but not the crest itself, as the crest would be below the 25° slope necessary for avalanche
formation.
Aspect: Because of the nearly constant southwest wind, large slabs of snow blowing over the crest will
settle on the leeward (north facing) slope. Also, because this mountain is in the northern hemisphere,
the north facing slope will receive less sunlight, resulting in cooler temperatures and slower bond
formation between the snow crystals. These two factors when combined suggest that avalanches are
much more likely to occur on the north facing side of a mountain. In Figure 13, it is clearly apparent that
the high hazard values (orange and red) are located on the north side of the mountain.
Vegetation: Densely forested areas will stabilize a snowpack as stated in the section above, and Figure
13 shows a small patch of densely forested area that correctly has no avalanche hazard area covering it.
Using both the LandSat5 and NAIP imagery, it seems as though most of the analysis was fairly
accurate at determining the correct physical factors contributing to avalanche formation and assigning
them the appropriate hazard values. The last analysis will be comparing the recorded avalanche areas to
the identified hazard locations.
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Figure 13. Final Avalanche Hazard Areas Comparison with NAIP Imagery
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Record Avalanche Information
The last comparison, and perhaps the most important, is that of analyzing the avalanche hazard
area with the existing recorded avalanches. Figure 14 below shows a map with four panes, each one
showing a scaled‐in view of each of the four recorded avalanches. The hazard analysis model created in
this project is also shown for each avalanche location. If the recorded avalanches are located within a
designated avalanche hazard zone determined by the project analysis, then the analysis could be
considered successful. The final results (Figure 14) are successful, in that three out of the four avalanche
zones were located within or adjacent to highly hazardous areas.
The Red Lake Peak and Forestdale Divide avalanches were created in the area deemed most
hazardous by the analysis. Frog Lake Cliffs formed in a less hazardous area than Red Lake and
Forestdale. Blue Lakes Road is depicted just outside a hazard area, but is still considered a success in
that it is directly adjacent to the hazard area, and the borders of each area are no absolute.
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Figure 14. Analysis of Hazard Area to Recorded Avalanche Locations
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Conclusion
After using the satellite imagery to ground test the hazard locations, and by comparing the
recorded avalanche locations to the hazard area, it appears as though the analysis was a success. There
are many applications for a model and map such as the one presented in this project. Recreationists can
upload the data into a GPS and view nearby hazard areas as they are out on the mountain. A land use
planner can overlay the hazard model onto digital maps in order to determine unsafe areas to avoid
development. Avalanche prevention teams can use this map to target planned and safe avalanche
initiations, as well as to find locations for avalanche warning and hazard signs. With all of this data in a
digital format, it can be widely utilized by many different software and mapping applications and used as
necessary. Although the maps in this project are of limited scale, it is fully possible to zoom into the map
with the software as demonstrated in Figure 13 and make decisions based on more precise analysis.

It is important to remember that this application is only a first step in the process of identifying
avalanche areas, as it only measures the physical factors that contribute to avalanche formation. Many
other studies can be performed to compliment this information and provide a more accurate
assessment of the hazards that avalanches may pose on this or other similar areas.
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